Introduction
============

Chronic obstructive pulmonary disease (COPD) is characterized by progressive loss of lung function and a high symptom burden, including shortness of breath, chronic cough, wheezing, and sputum production, which can impair patients' quality of life.[@b1-copd-11-2041] Bronchodilators are regarded as initial or foundation therapy of COPD and the current Global initiative for chronic Obstructive Lung Disease (GOLD) report recommends selecting and escalating bronchodilator therapy based upon reported patient symptom burden. Patients with minimal symptoms may initially receive treatment with short-acting agents or long-acting monotherapy, while patients with greater symptom burden may receive dual therapy with two long-acting bronchodilators in combination -- a long-acting muscarinic antagonist (LAMA) and a long-acting β~2~-agonist (LABA).[@b2-copd-11-2041] However, this stratagem has not been examined by assessing the effectiveness of dual bronchodilation in patients stratified according to reported symptom burden.

ACLIFORM and AUGMENT were two large 24-week, randomized, placebo-controlled Phase III trials evaluating the efficacy of dual therapy with aclidinium bromide 400 µg (a LAMA) and formoterol fumarate 12 µg (a LABA) twice daily versus placebo or monotherapies in moderate-to-severe COPD. As these studies did not restrict the inclusion of patients based on symptoms, the populations had a broad spectrum of symptom burden.[@b3-copd-11-2041],[@b4-copd-11-2041] Accordingly, the identification of patients with more symptomatic disease in these trials allows for a more comparable population when considering other trials of LABA/LAMAs in which patients were required to be symptomatic.[@b5-copd-11-2041]--[@b7-copd-11-2041]

Several validated tools are available to assess COPD symptoms. For daily clinical practice, GOLD recommends the use of the modified Medical Research Council (mMRC) tool, the clinical COPD questionnaire, and the COPD Assessment Test (CAT) tools as they are quick and easy to administer. However, in a clinical study environment, more detailed and complex instruments can be used for a more comprehensive assessment. Symptom burden in clinical trials is commonly assessed using the St George's Respiratory Questionnaire and/or the CAT to measure health status. However, as COPD is a multifactorial and highly symptomatic disease, categorization according to broad health status may not adequately identify patients who have a high or low symptom burden, and evidence of treatment efficacy according to stratified symptom levels in clinical trials is lacking.[@b2-copd-11-2041] Therefore, in ACLIFORM and AUGMENT, symptoms were assessed using the Baseline Dyspnea Index (BDI) and the Evaluating Respiratory Symptoms (E-RS) in COPD diary (E-RS™: COPD; formerly EXAcerbations of Chronic pulmonary disease Tool \[EXACT™\] − Respiratory Symptoms) (The EXACT and E-RS are owned by Evidera. Permission to use these instruments may be obtained from Evidera \[<exactpro@evidera.com>\]). The E-RS is a derivative of EXACT and was developed to assess the efficacy of treatment on symptoms in clinical trials.[@b8-copd-11-2041],[@b9-copd-11-2041] The E-RS, which uses the eleven respiratory symptom items from the 14-item EXACT daily diary, provides a more comprehensive assessment of the burden of respiratory symptoms in COPD than standard patient-reported outcomes and has shown consistency with the classification of less symptomatic and more symptomatic patients by GOLD groups.[@b10-copd-11-2041]

The BDI is a fully validated, interviewer-administered measure of breathlessness, assessing functional impairment, the effect on activity, and the degree of effort required to perform daily tasks.[@b11-copd-11-2041] The interviewer asks open-ended questions concerning the patient's breathlessness and then selects a grade reflecting the degree of impairment related to dyspnea in each category. Similar to mMRC, BDI reports on dyspnea; however, BDI is a more comprehensive measurement of breathlessness, and together with the Transition Dyspnea Index (TDI), it is more suited to the clinical trial environment as it is specifically designed to measure change in breathlessness over time.[@b11-copd-11-2041]

The aim of this pooled post hoc analysis of ACLIFORM and AUGMENT was to evaluate the efficacy of aclidinium/formoterol 400/12 µg in patients with COPD who were identified as being less symptomatic or more symptomatic using two different measures of symptoms, baseline E-RS total score and BDI.

Methods
=======

Study design
------------

The study designs of ACLIFORM (NCT01462942) and AUGMENT (NCT01437397), two 24-week, double-blind, randomized, parallel-group, active- and placebo-controlled multicenter Phase III studies of twice-daily aclidinium/formoterol 400/12 µg in moderate-to-severe COPD, have been reported previously.[@b3-copd-11-2041],[@b4-copd-11-2041] Following screening and a 2- to 3-week run-in period, patients were randomized to twice-daily aclidinium/formoterol 400/12 µg, aclidinium/formoterol 400/6 µg, aclidinium 400 µg, formoterol 12 µg, or placebo (ACLIFORM 2:2:2:2:1; AUGMENT 1:1:1:1:1). Only the aclidinium/formoterol 400/12 µg dose was investigated in this pooled post hoc analysis as this is the dose developed for clinical use and currently approved for use in the European Union and several other countries worldwide, including Australia and Canada.[@b12-copd-11-2041] All treatments were administered using the same multidose dry powder inhaler (Genuair™/Pressair^®^) for 24 weeks (Registered trademark of AstraZeneca group of companies; for use within the US as Pressair^®^ and as Genuair™ within all other licensed territories). Two doses of aclidinium/formoterol were studied; however, only the approved 400/12 µg dose was investigated in this pooled post hoc analysis.

The studies were approved by an independent ethics committee at each site ([Table S1](https://www.dovepress.com/get_supplementary_file.php?f=114566.pdf) and [S2](https://www.dovepress.com/get_supplementary_file.php?f=114566.pdf)) and were conducted in accordance with the Declaration of Helsinki, the International Conference on Harmonisation, and Good Clinical Practice.[@b3-copd-11-2041],[@b4-copd-11-2041] All patients provided written informed consent.

Patients
--------

Inclusion and exclusion criteria have been previously reported for both studies.[@b3-copd-11-2041],[@b4-copd-11-2041] Briefly, male and female patients aged ≥40 years old, current or former smokers (history of ≥10 pack-years) diagnosed with moderate-to-severe stable COPD, a post-bronchodilator forced expiratory volume in 1 second (FEV~1~)/forced vital capacity ratio of \<70%, and a post-bronchodilator FEV~1~ ≥30% and \<80% predicted were included. Patients with a history or current diagnosis of asthma, a respiratory tract infection or COPD exacerbation within 6 weeks (\<3 months if hospitalized) prior to screening, or clinically significant respiratory or cardiovascular conditions other than COPD were excluded. Use of inhaled salbutamol was permitted as relief medication and discontinued 6 hours prior to study visits. Concomitant corticosteroids (inhaled, oral, or parenteral at doses equivalent to 10 mg prednisone/day or 20 mg every other day), oral sustained-release theophylline, and oxygen therapy \<15 h/day were permitted if dosage was stable \>4 weeks before screening.

### Post hoc analysis of more or less symptomatic patients

In this post hoc subgroup analysis of pooled data from ACLIFORM and AUGMENT, all patients in the pooled population were identified as being less symptomatic or more symptomatic by applying thresholds to two baseline symptom scales, E-RS and BDI. For the E-RS definition, more symptomatic patients were defined as those patients with an E-RS baseline score ≥10 units. This threshold was selected based on evidence suggesting that an E-RS score ≥10 units could distinguish between less symptomatic (GOLD groups A and C) and more symptomatic (GOLD groups B and D) patients.[@b10-copd-11-2041] For the BDI definition, a score of \<7 was used to identify more symptomatic patients, while a score of ≥7 was used to identify less symptomatic patients. The rationale for this threshold is based on a previously reported study, which showed that a BDI score ≥7 and \<7 corresponds with the mMRC thresholds used by GOLD to identify less symptomatic and more symptomatic patients, respectively.[@b13-copd-11-2041] All patients with baseline E-RS and BDI data were included in this post hoc analysis.

Assessments and endpoints
-------------------------

The efficacy of aclidinium/formoterol 400/12 µg versus monotherapies and placebo was assessed for both definitions of less symptomatic and more symptomatic patients. Lung function was assessed by standardized spirometric techniques at each study visit. Coprimary lung function endpoints were changed from baseline in 1-hour morning postdose FEV~1~ and changed from baseline in morning predose (trough) FEV~1~ at week 24. Dyspnea was assessed using the TDI to evaluate improvements in focal score at week 24.[@b11-copd-11-2041] Daily COPD symptoms were evaluated using the E-RS questionnaire (eleven respiratory items from the 14-item EXACT questionnaire assessing breathlessness, cough and sputum, and chest symptoms) via electronic diaries, and change from baseline in E-RS total score was assessed at 24 weeks. The severities of early-morning and nighttime symptoms as well as limitation of morning activities were assessed using a COPD symptoms questionnaire, which was completed by patients each morning via electronic diaries (early-morning and nighttime symptoms: 5-point scale: 1= "did not experience symptoms", 5= "very severe"; limitation of morning activities: 5-point scale: 1= "not at all", 5= "a very good deal"). The rate of moderate-to-severe COPD exacerbations (defined as a worsening of symptoms for at least two consecutive days requiring treatment with antibiotics, systemic corticosteroids, or hospitalization) per patient per year was also assessed. Change from baseline in rescue medication use at week 24 was evaluated using an electronic diary.

Statistical analysis
--------------------

Statistical analyses were performed using SAS^®^ version 9.4 (SAS Institute Inc., Cary, NC, USA). All efficacy endpoints were analyzed using the pooled intent-to-treat (ITT) population, defined as all randomized patients who received ≥1 dose of study medication and had a baseline and at least one post-baseline FEV~1~ assessment. Exacerbations were analyzed using the pooled ITT-exacerbation population, defined as all patients who received ≥1 dose of study medication and had a baseline FEV~1~ assessment. All endpoints were analyzed using a mixed model for repeated measures with treatment group, sex, smoking status, visit, subgroup, and treatment-group-by-subgroup, treatment-group-by-visit and treatment-group-by-visit-by-subgroup interactions as fixed-effect factors, corresponding baseline values and age as covariates, and pre- and post-bronchodilator FEV~1~ as a covariate for FEV~1~ endpoints. Rate of exacerbations was analyzed by means of a log-linear model with age as a covariate, and treatment group, study, sex, baseline COPD severity, smoking status, subgroup, and treatment-by-subgroup as factors. The log of the total exposure time in years for a patient was included as an offset.

Results
=======

Patient disposition and baseline characteristics
------------------------------------------------

The pooled ITT population consisted of 3,394 patients and the pooled ITT-exacerbation population comprised 3,398 patients. Of those patients, 3,336 had E-RS baseline scores recorded and 3,297 had BDI scores recorded. Using the E-RS definition, there were 1,172 less symptomatic patients (E-RS \<10; 34.5% of pooled ITT population) and 2,164 more symptomatic patients (E-RS ≥10; 63.8% of pooled ITT population). According to the BDI definition, there were 1,519 less symptomatic patients (BDI ≥7; 44.8% of pooled ITT population) and 1,778 more symptomatic patients (BDI \<7; 52.4% of pooled ITT population). The proportions of patients in each treatment arm of this post hoc analysis were similar to those in the overall pooled population for both definitions of less symptomatic and more symptomatic patients. Demographics and baseline characteristics of less symptomatic and more symptomatic patients for each definition are shown in [Table 1](#t1-copd-11-2041){ref-type="table"}. The overall demographics and baseline characteristics for each treatment group have been reported previously and were similar across treatment groups.[@b14-copd-11-2041] The baseline demographics for each treatment arm, stratified by BDI and E-RS, are presented in [Table S3](https://www.dovepress.com/get_supplementary_file.php?f=114566.pdf). A higher proportion of patients were classified as GOLD stage III (severe) in the more symptomatic subgroups. Baseline exacerbation rates were also higher in more symptomatic patients. Furthermore, there were more current smokers in the more symptomatic subgroup according to the E-RS definition and marginally lower baseline FEV~1~ in the more symptomatic subgroup according to the BDI definition. Other demographic parameters were similar across all groups, with the exception of the intrinsic differences in baseline E-RS total scores and BDI scores between less symptomatic and more symptomatic patients.

Efficacy
--------

### Lung function

Aclidinium/formoterol 400/12 µg provided improvements of 286--302 mL in 1-hour morning postdose FEV~1~ versus placebo at week 24 in both less and more symptomatic patients, regardless of the definition used (*P*\<0.001 for all comparisons; [Figure 1](#f1-copd-11-2041){ref-type="fig"}). Furthermore, aclidinium/formoterol dual therapy provided greater improvements in 1-hour postdose FEV~1~ at week 24 than either monotherapy in both definitions of less symptomatic patients (E-RS \<10: 120 mL vs aclidinium and 90 mL vs formoterol; BDI ≥7: 115 mL vs aclidinium and 109 mL vs formoterol; *P*\<0.001 for all comparisons; [Figure 1](#f1-copd-11-2041){ref-type="fig"}). Improvements of a similar magnitude were demonstrated for aclidinium/formoterol dual therapy versus both monotherapies in more symptomatic patients (E-RS ≥10: 120 mL vs aclidinium and 130 mL vs formoterol; BDI \<7: 127 mL vs aclidinium and 126 mL vs formoterol; *P*\<0.001 for all comparisons; [Figure 1](#f1-copd-11-2041){ref-type="fig"}).

Aclidinium/formoterol improved trough FEV~1~ from baseline at week 24 compared with placebo in both less and more symptomatic patients, irrespective of the definition used. However, increases in trough FEV~1~ with aclidinium/formoterol versus placebo were greater among more symptomatic patients (E-RS ≥10: 150 mL; BDI \<7: 152 mL; *P*\<0.001 for both; [Figure 2](#f2-copd-11-2041){ref-type="fig"}) compared with less symptomatic patients (E-RS \<10: 110 mL; BDI ≥7: 132 mL; *P*\<0.001 for both; [Figure 2](#f2-copd-11-2041){ref-type="fig"}). Both monotherapies improved trough FEV~1~ from baseline versus placebo for both definitions of less and more symptomatic patients (*P*\<0.01 for all comparisons). Aclidinium/formoterol resulted in greater improvements in trough FEV~1~ versus both monotherapies in more symptomatic patients at week 24 (40 mL for E-RS ≥10 and 60 mL for BDI \<7 vs aclidinium and 80 mL for E-RS ≥10 and 90 mL for BDI \<7 vs formoterol; *P*\<0.05 for all; [Figure 2](#f2-copd-11-2041){ref-type="fig"}). However, improvements for aclidinium/formoterol versus monotherapies were ameliorated in less symptomatic patients ([Figure 2](#f2-copd-11-2041){ref-type="fig"}).

### Dyspnea

For both definitions of less and more symptomatic patients, aclidinium/formoterol demonstrated a similar magnitude of improvements in TDI focal score compared with placebo at week 24 (all *P*\<0.001; [Figure 3](#f3-copd-11-2041){ref-type="fig"}). Aclidinium and formoterol monotherapies also improved TDI focal score at week 24 compared with placebo for both definitions of less and more symptomatic patients (all *P*\<0.01). In both less symptomatic and more symptomatic patients, all active treatments achieved the minimum clinically important difference of 1-unit improvement from baseline versus placebo at week 24, regardless of the definition used. Improvements in TDI with aclidinium/formoterol versus monotherapies were comparable in both less symptomatic and more symptomatic patients, with the exception of a greater effect of dual therapy versus aclidinium in less symptomatic patients with E-RS \<10 (*P*\<0.05; [Figure 3](#f3-copd-11-2041){ref-type="fig"}).

### Daytime and nighttime respiratory symptoms

Aclidinium/formoterol improved E-RS total score from baseline at 24 weeks versus placebo and both monotherapies in more symptomatic patients for both E-RS and BDI definitions (*P*\<0.05 for all comparisons; [Figure 4](#f4-copd-11-2041){ref-type="fig"}). There were no clear trends among E-RS-defined less symptomatic patients, and only moderate improvements among less symptomatic patients defined by BDI were observed ([Figure 4](#f4-copd-11-2041){ref-type="fig"}).

Aclidinium/formoterol reduced early-morning symptom severity from baseline in more symptomatic patients (E-RS ≥10 or BDI \<7) at week 24 compared with placebo and aclidinium (all *P*\<0.05; [Figure 5A](#f5-copd-11-2041){ref-type="fig"}). Reductions in early-morning symptom severity were also observed for aclidinium/formoterol versus formoterol in BDI-defined more symptomatic patients (*P*\<0.01). For both definitions of less symptomatic patients, reductions in early-morning symptom severity were demonstrated for aclidinium/formoterol versus aclidinium (*P*\<0.05) and versus placebo in the BDI ≥7 subgroup (*P*\<0.05) ([Figure 5A](#f5-copd-11-2041){ref-type="fig"}).

Nighttime symptom severity decreased from baseline in more symptomatic patients at week 24 with aclidinium/formoterol versus placebo (both definitions *P*\<0.05) and these improvements were greater than in less symptomatic patients. Similarly, the magnitude of improvements with aclidinium/formoterol versus monotherapies was greater in more symptomatic patients than in less symptomatic patients ([Figure 5B](#f5-copd-11-2041){ref-type="fig"}).

### Limitation of early-morning activity

In addition to investigating the efficacy of aclidinium/formoterol on respiratory symptoms, the impact of dual therapy on limitation of early-morning activity was assessed. In the total pooled population, an improvement with aclidinium/formoterol versus placebo and monotherapies was observed (*P*\<0.05; [Figure 6A](#f6-copd-11-2041){ref-type="fig"}). When patients were stratified according to symptom burden, aclidinium/formoterol reduced early-morning limitation of activity compared with placebo and aclidinium in more symptomatic patients (E-RS ≥10: *P*\<0.01 for both; BDI \<7: *P*\<0.05 for both; [Figure 6B](#f6-copd-11-2041){ref-type="fig"}). Additionally, in less symptomatic patients according to the BDI definition, early-morning limitation of activity was reduced with aclidinium/formoterol compared with aclidinium (*P*\<0.05; [Figure 6B](#f6-copd-11-2041){ref-type="fig"}).

### Exacerbations

For both definitions of more symptomatic patients, consistently higher rates of moderate or severe health care resource utilization exacerbations were observed across all treatment arms compared with less symptomatic patients ([Figure 7](#f7-copd-11-2041){ref-type="fig"}). There was a reduction in the rate of exacerbations with aclidinium/formoterol compared with placebo in more symptomatic patients with E-RS ≥10 (*P*\<0.05) and a consistent trend toward a reduction in exacerbation rate with aclidinium/formoterol versus placebo in more symptomatic patients with BDI \<7 (*P*=0.057) ([Figure 7](#f7-copd-11-2041){ref-type="fig"}).

### Rescue medication

Aclidinium/formoterol reduced the use of daily rescue medication from baseline to week 24 for both less symptomatic and more symptomatic patients versus placebo (E-RS \<10: −0.74. BDI ≥7: −0.81. E-RS ≥10: −0.89. BDI \<7: −0.94; *P*\<0.001 for all comparisons). Aclidinium/formoterol reduced daily rescue medication use from baseline versus both monotherapies in more symptomatic patients with E-RS ≥10 (−0.60 vs aclidinium and −0.45 vs formoterol; *P*\<0.01 for both) and versus aclidinium in more symptomatic patients with BDI \<7 (−0.57; *P*\<0.01).

Discussion
==========

Dual bronchodilation with LAMA/LABA combination therapy is recommended for the treatment of COPD in patients with respiratory symptoms; however, there are limited data available showing the effectiveness of dual bronchodilation in patients stratified according to symptom levels.[@b2-copd-11-2041] In contrast to other LAMA/LABA Phase III studies,[@b5-copd-11-2041]--[@b7-copd-11-2041] ACLIFORM and AUGMENT recruited patients with a broad spectrum of symptom burden.[@b3-copd-11-2041],[@b4-copd-11-2041] This pooled post hoc analysis of these two Phase III clinical trials assessed the efficacy of aclidinium/formoterol 400/12 µg versus placebo and monotherapies in less symptomatic (low symptom burden) or more symptomatic (high symptom burden) patients with moderate-to-severe COPD using baseline E-RS total score and BDI score to define symptomatic status.

For routine clinical practice, GOLD recommends the mMRC or CAT to categorize the impact of symptoms on a patient. These are validated instruments that have the benefit of being very quick to administer and simple to interpret. However, stratifying patients by E-RS total score and BDI score in a clinical trial environment allows for a more rigorous assessment of COPD symptoms than is achieved with common clinical tools, such as the mMRC or CAT. E-RS and BDI are sophisticated, sensitive, validated tools to investigate and quantify the symptoms of COPD in a clinical trial setting. They are not intended to replace those measures proposed by GOLD in clinical practice. BDI and E-RS correspond well with mMRC and CAT in terms of the assessments made, yet the mMRC and CAT are more practical tools for use in everyday clinical practice.

An interesting outcome to have emerged from this current post hoc analysis was that even those patients who did not present with significant respiratory symptoms at baseline achieved meaningful improvements in lung function with dual bronchodilator therapy. Improvements in postdose FEV~1~ with aclidinium/formoterol compared with monotherapies were of a similar magnitude for both less symptomatic and more symptomatic patients. However, when considering trough FEV~1~, aclidinium/formoterol demonstrated greater improvements from baseline in more symptomatic patients compared with less symptomatic patients, suggesting that dual therapy becomes increasingly beneficial with worsening symptom severity.

All active treatments provided clinically meaningful improvements in dyspnea (TDI reduced ≥1 unit) compared with placebo in both less symptomatic and more symptomatic patients, which suggests that patients with minimal symptoms at baseline can also benefit from dual bronchodilator therapy. This finding may be particularly noteworthy as other Phase III LABA/LAMA trials required patients to have a baseline mMRC dyspnea scale grade of at least 2,[@b6-copd-11-2041],[@b7-copd-11-2041] meaning that data on the efficacy in patients with a lower symptom burden have hitherto been lacking.

Using several measures of COPD symptoms (E-RS total score, early-morning and nighttime symptom severity, and early-morning limitation of activity) and two different ways of stratifying more symptomatic patients, the results from this post hoc analysis demonstrate that more symptomatic patients receive substantial benefits from aclidinium/formoterol dual therapy. The picture is less clear in less symptomatic patients, as there was no strong evidence of improvement or benefit according to the E-RS tool. Similarly, there were no clear improvements in nighttime symptoms in less symptomatic patients. This is understandable, as improvements in symptoms would not be expected in patients considered to be symptom-free. However, early morning is often reported by patients to be the most troubling part of the day for COPD symptoms,[@b15-copd-11-2041],[@b16-copd-11-2041] and the results from this study demonstrate that even patients reporting fewer symptoms showed some improvements with aclidinium/formoterol in early-morning symptom severity and limitation of early-morning activities.

In more symptomatic patients, dual bronchodilator therapy with aclidinium/formoterol reduced the risk of exacerbations compared with placebo, and there was also a trend toward a lower rate of exacerbations compared with monotherapies. The higher rate of exacerbations observed in the more symptomatic subgroups, which is not unexpected and has been reported previously,[@b17-copd-11-2041] is likely to be why these reductions were detected in more symptomatic patients, but not in less symptomatic patients.

Taken together, the results of this study clearly demonstrate the benefits of dual bronchodilator therapy with aclidinium/formoterol in more symptomatic patients in terms of lung function, breathlessness, early-morning and nighttime symptoms, and exacerbations, compared with placebo or monotherapies. Notably, in less symptomatic patients, the improvements observed in postdose FEV~1~, breathlessness, and early-morning symptoms demonstrate that even patients judged to have fewer symptoms benefited from dual bronchodilator therapy. This is particularly pertinent given that it has been shown that patients often underestimate or underreport the severity of their COPD symptoms and that there can be a disparity in the perception of symptoms by patients and physicians.[@b18-copd-11-2041],[@b19-copd-11-2041]

A potential constraint of this post hoc analysis was the method used to distinguish between less symptomatic and more symptomatic patients. The use of dyspnea tools to identify less symptomatic and more symptomatic patient subgroups is well established[@b2-copd-11-2041] and the BDI threshold has been shown previously to correlate with established mMRC cut-offs.[@b13-copd-11-2041] However, the threshold used to determine less symptomatic and more symptomatic patients for the E-RS definition was selected based on historical score distributions and further validation of the tool is required.[@b10-copd-11-2041] Overall, results for less symptomatic and more symptomatic patients were largely consistent between the E-RS and BDI definitions, suggesting that the thresholds selected were appropriate. A further limitation of this post hoc analysis is the low patient numbers in some subgroups, which may account for why some improvements reached statistical significance, while others of a similar magnitude did not.

Conclusion
==========

In this post hoc analysis, we have shown that aclidinium/formoterol 400/12 µg provides consistent improvements in bronchodilation and symptoms compared with monotherapies and a reduction in exacerbations versus placebo in more symptomatic patients with moderate-to-severe COPD, regardless of the definition used. Furthermore, patients with a low symptom burden achieved some benefit from dual bronchodilator therapy versus monotherapies, as demonstrated by improvements in postdose FEV~1~, dyspnea, early-morning symptoms, and limitation of activities.
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![One-hour morning postdose FEV~1~ change from baseline in less symptomatic and more symptomatic patients with COPD at week 24.\
**Notes:** Data are LS mean ± SE for the pooled ITT population; \*\*\**P*\<0.0001.\
**Abbreviations:** AB, aclidinium bromide 400 µg; BDI, Baseline Dyspnea Index; COPD, chronic obstructive pulmonary disease; E-RS, Evaluating Respiratory Symptoms; FEV~1~, forced expiratory volume in 1 second; FF, formoterol fumarate 12 µg; LS, least squares; ITT, intent-to-treat; SE, standard error.](copd-11-2041Fig1){#f1-copd-11-2041}

![Trough FEV~1~ (1-hour morning predose) change from baseline in less symptomatic and more and symptomatic patients with COPD at week 24.\
**Notes:** Data are LS mean ± SE for the pooled ITT population; \**P*\<0.05; \*\*\**P*\<0.001.\
**Abbreviations:** AB, aclidinium bromide 400 µg; BDI, Baseline Dyspnea Index; COPD, chronic obstructive pulmonary disease; E-RS, Evaluating Respiratory Symptoms; FEV~1~, forced expiratory volume in 1 second; FF, formoterol fumarate 12 µg; ITT, intent-to-treat; LS, least squares; SE, standard error.](copd-11-2041Fig2){#f2-copd-11-2041}

![TDI focal score change from baseline in less symptomatic and more symptomatic patients with COPD at week 24.\
**Notes:** Data are LS mean ± SE for the pooled ITT population; \**P*\<0.05; \*\*\**P*\<0.001.\
**Abbreviations:** AB, aclidinium bromide 400 µg; BDI, Baseline Dyspnea Index; COPD, chronic obstructive pulmonary disease; E-RS, Evaluating Respiratory Symptoms; FF, formoterol fumarate 12 µg; ITT, intent-to-treat; LS, least squares; SE, standard error; TDI, Transition Dyspnea Index.](copd-11-2041Fig3){#f3-copd-11-2041}

![E-RS total score change from baseline in less symptomatic and more symptomatic patients with COPD at week 24.\
**Notes:** Data are LS mean ± SE for the pooled ITT population; \**P*\<0.05; \*\**P*\<0.01; \*\*\**P*\<0.001.\
**Abbreviations:** AB, aclidinium bromide 400 µg; BDI, Baseline Dyspnea Index; COPD, chronic obstructive pulmonary disease; E-RS, Evaluating Respiratory Symptoms; FF, formoterol fumarate 12 µg; ITT, intent-to-treat; LS, least squares; SE, standard error.](copd-11-2041Fig4){#f4-copd-11-2041}

![Change from baseline in (**A**) early-morning and (**B**) nighttime symptom severity in less symptomatic and more symptomatic patients with COPD at week 24.\
**Notes:** Data are LS mean ± SE for the pooled ITT population; \**P*\<0.05; \*\**P*≤0.01; \*\*\**P*\<0.001.\
**Abbreviations:** AB, aclidinium bromide 400 µg; BDI, Baseline Dyspnea Index; COPD, chronic obstructive pulmonary disease; E-RS, Evaluating Respiratory Symptoms; FF, formoterol fumarate 12 µg; ITT, intent-to-treat; LS, least squares; SE, standard error.](copd-11-2041Fig5){#f5-copd-11-2041}

![Change from baseline in early-morning limitation of activity in (**A**) the overall pooled population and (**B**) less symptomatic and more symptomatic patients with COPD.\
**Notes:** Data are LS mean ± SE for the pooled ITT population; \**P*\<0.05; \*\**P*\<0.01; \*\*\**P*\<0.001.\
**Abbreviations:** AB, aclidinium bromide 400 µg; BDI, Baseline Dyspnea Index; COPD, chronic obstructive pulmonary disease; E-RS, Evaluating Respiratory Symptoms; FF, formoterol fumarate 12 µg; ITT, intent-to-treat; LS, least squares; SE, standard error.](copd-11-2041Fig6){#f6-copd-11-2041}

![Rate of moderate or severe COPD exacerbations (HCRU criteria) in less symptomatic and more symptomatic patients at Week 24, (**A**) less symptomatic and more symptomatic defined by E-RS score, (**B**) less symptomatic and more symptomatic defined by BDI score.\
**Note:** \**P*≤0.05; *P*=0.057 vs placebo in more symptomatic patients with BDI \<7; Moderate or severe exacerbations are defined as exacerbations that require treatment with antibiotics or corticosteroids and those which result in hospitalization, respectively; Exacerbations data are RR (95% CI).\
**Abbreviations:** AB, aclidinium bromide 400 µg; BDI, Baseline Dyspnea Index; CI, confidence interval; COPD, chronic obstructive pulmonary disease; E-RS, Evaluating Respiratory Symptoms; FF, formoterol fumarate 12 µg; HCRU, healthcare resource utilization; RR, rate ratio.](copd-11-2041Fig7){#f7-copd-11-2041}

###### 

Baseline demographics and patient characteristics of less symptomatic and more symptomatic patients according to baseline E-RS and BDI

  Demographic parameter                    E-RS          BDI                         
  ---------------------------------------- ------------- ------------- ------------- -------------
  Age, mean (SD)                           64.2 (8.3)    63.1 (8.5)    63.5 (8.3)    63.5 (8.6)
  Sex, male, %                             59.1          61.2          61.2          60.1
  COPD severity (GOLD stages) (%)                                                    
   Stage II (moderate)                     68.5          53.1          66.8          51.4
   Stage III (severe)                      31.1          46.2          32.5          48.1
  Current smoker, %                        44.4          52.0          49.5          49.3
  Smoking history, pack-years, mean (SD)   47.2 (24.4)   45.8 (24.2)   45.5 (23.7)   47.0 (24.8)
  No exacerbations in previous             0.3 (0.6)     0.5 (0.9)     0.3 (0.7)     0.5 (0.9)
  12 months, mean (SD)                                                               
  Baseline FEV~1~, L, mean (SD)            1.4 (0.5)     1.4 (0.5)     1.5 (0.5)     1.3 (0.5)
  Baseline FVC, L, mean (SD)               2.9 (0.9)     2.8 (0.9)     3.0 (0.9)     2.8 (0.8)
  FEV~1~/FVC, %, mean (SD)                 48.8 (10.4)   47.3 (10.9)   49.2 (10.5)   46.3 (10.9)
  E-RS total score at baseline (SD)        5.7 (2.8)     16.3 (4.6)    10.3 (5.9)    14.5 (6.4)
  BDI score at baseline (SD)               7.5 (2.1)     5.9 (2.0)     8.2 (1.4)     4.9 (1.4)

**Abbreviations:** BDI, Baseline Dyspnea Index; COPD, chronic obstructive pulmonary disease; E-RS, Evaluating Respiratory Symptoms; FEV~1~, forced expiratory volume in 1 second; FVC, forced vital capacity; GOLD, Global initiative for chronic Obstructive Lung Disease; SD, standard deviation.
